We document the association between war-related shocks in childhood and adult outcomes for Europeans born during the first half of the twentieth century. Using a variety of data, at both the macro-and the micro-level, we address the following questions: What are the patterns of mortality among Europeans born during this period? Do war-related shocks in childhood and adolescence help predict adult health, human capital and wellbeing of the survivors? Are there differences by sex, socio-economic status in childhood, and age when the shocks occurred? At the macro-level, we show that the secular trend towards lower mortality was interrupted by dramatic increases in mortality during World War I, the Spanish Flu, the Spanish Civil War, and World War II, and we quantify the size of these mortality shocks. Different patterns characterize these highmortality episodes, with substantial variation by country, sex and age group. At the microlevel, we show that war-related hardship in childhood or adolescence, in particular exposure to war events and experience of hunger, is associated with worse physical and mental health, education, cognitive ability and subjective wellbeing at older ages. The strength of the association differs by sex and type of hardship, with war exposure being more important for females and experience of hunger for males. We also show that hardships matter more if experienced in childhood, and have stronger consequences if they last longer. ß
Introduction
Wars produce death, devastation and hardship. According to Amnesty International, ''where wars erupt, suffering and hardship invariably follow. Conflict is the breeding ground for mass violations of human rights including unlawful killings, torture, forced displacement and starvation''.
The available literature suggests that the long-run effects of war on physical capital are limited and can quickly be reversed. For example, Bellows and Miguel (2009) argue that ''the rapid postwar recovery experiences of some African countries after brutal civil wars -notably, Mozambique and Uganda -suggest that wars need not always have persistent negative economic consequences [. . .] Other recent research has shown that the long-run effects of war on population and economic growth are typically minor. To the extent that war impacts are limited to the destruction of capital, these findings are consistent with the predictions of the neoclassical growth model, which predicts rapid catch-up growth postwar''. As for human capital, there is a sizable literature on the effects of military service or combat experience on earnings, health and mortality of war veterans (see for example Angrist, 1990; Angrist and Krueger, 1994; Imbens and van der Klaauw, 1995; Derluyn et al., 2004; Bedard and Deschênes, 2006; Betancourt et al., 2010; Costa and Kahn, 2010) . Much less is known, however, about the long-term consequences of armed conflicts and mass violence for the civilian population.
It is convenient to regard the long-term consequences of war, or more generally of an aggregate negative health shock, on adult health as the net result of two distinct mechanisms: selection and scarring. Selection is the indirect effect on average health resulting from changes in the composition of the population. This effect is positive if the least healthy are more likely to die. Scarring is the direct damage to the individual health of the survivors.
The model in Bozzoli et al. (2009) provides a useful framework for thinking about these two mechanisms. Although very stylized, it delivers two interesting conclusions. First, the average adult health of the survivors depends essentially on three elements: the baseline level of childhood mortality, the level of childhood mortality caused by the aggregate shock, and the amount of damage the shock produces on survivors (assumed to be simply proportional to the size of the shock). Second, if the damage is not too large (because of, say, recovery or postshock remediation), the model also predicts a nonmonotonic relationship between adult health and childhood mortality, with selection dominating when mortality is high and scarring dominating when mortality is low. More general version of this model is likely to generate additional interesting predictions. For example, if the amount of damage is allowed to vary within a cohort, the net result of the two mechanisms may also depend on survivors' heterogeneity, for example by socio-economic status (SES) or other observable dimensions.
In this paper we document the operation of the two mechanisms among Europeans born during the first half of the twentieth century, a turbulent period that Berghahn (2006) calls the ''era of two world wars''. This period includes not only World War I (WW1) and World War II (WW2), but also a long list of armed conflicts which foreshadowed or followed the two world wars.
1 Specifically, we address three main questions: What are the patterns of mortality among people born during the era of the two world wars? Do war-related shocks in childhood and adolescence help predict adult health, human capital and wellbeing of the survivors? Are there differences by sex, SES in childhood, and age when the shocks occurred? Unlike other recent papers, we make no attempt at uncovering causal relationships or estimating some narrowly-defined treatment effect, since we doubt that the outcomes we are interested in can be interpreted as the effect of a few causes, easily identifiable through some exogenous quasi-experiment. Still, we think that our descriptive evidence provides useful insights into an important problem. Further, two considerations make our analysis potentially relevant for policy. First, the cohorts that experienced war in their childhood or adolescence represent the bulk of the population aged 70 and older in Europe. The link to specific warrelated shocks may provide a better understanding of the particular health patterns of these cohorts by bringing into focus the different experiences that may have shaped their aging process. Second, our descriptive evidence may be useful for understanding the long-term consequences of recent armed conflict in various regions of the world, for which no long-term data is yet available.
WW1 and WW2 were the deadliest wars in human history in absolute terms, though not in relative terms, but estimates of war-related casualties are subject to considerable uncertainty. The estimated death toll of WW1 in Europe ranges between 12 and 14 millions (2.5-3 percent of the total population in 1914). The estimated death toll of WW2 in Europe is three to four times higher, ranging between 40 and 50 millions (7-9 percent of the total population in 1940), the large uncertainty reflecting the death counts for Germany, Greece, Poland, the Soviet Union and Yugoslavia. There are no reliable estimates of the death toll of the other armed conflicts in Europe during our period, but estimates for the Spanish Civil War range between 190,000 and 500,000 deaths. Between WW1 and WW2, the Spanish Flu and the Ukrainian Famine added at least another 6 millions to the death count, equally split between the two health catastrophes (Ansart et al., 2009; Snyder, 2010) . Erkoreka (2009) suggests a direct link between WW1 and the Spanish Flu, as ''the millions of young men who occupied the military camps and trenches were the substrate on which the influenza virus developed and expanded''.
The larger death toll of WW2 relative to WW1 reflects the enhanced destructive power of weapons, the longer duration of the war, its wider geographical spread, and the greater level of involvement of the civilian population. A very crude measure of the latter is the ratio of civilian to total deaths. Estimated civilian deaths in Europe are about 5 millions for WW1 and 20-28 millions for WW2, three fourths of them in the ''bloodlands'' of Belarus, Poland, Ukraine, the Baltic States and some of Russia's western fringe. These numbers represent about 40 percent of total human losses in Europe during WW1 and about 60 percent during WW2, with a huge cross-country variability. Key factors that help explain the higher burden of WW2 on the civilian population are the direct impact of war operations and ''strategic bombing'' on civilians, war-related hunger and disease, and deliberate mass murder of targeted population groups (most notably, Jews).
Except for recent work by Bö rsch-Supan and Jü rges (2012) and van den Berg and Pinger (2016), we have little statistical evidence on the consequences of WW1 for the civilian population. For the Spanish Flu we know more thanks to several epidemiological studies for Europe (see e.g. Ansart et al., 2009 ) and the evidence in Almond (2006) and Brown and Thomas (2013) for the USA.
Unlike the survivors of WW1 and the Spanish Flu, who are now mostly dead, a relatively large fraction of people who went through WW2 in childhood or adolescence is still alive today and able to recall the experience of specific shocks and hardships. The recent availability of microlevel data covering survivors of WW2 has stimulated a growing literature that focuses on the channels through which war affects the civilian population, especially children and adolescents. The main channels considered are the disruption of the educational process through physical destruction, loss of educators, school closure or conscription of students (Ichino and Winter-Ebmer, 2004; Akbulut-Yuksel, 2014) , the loss of parents during war, the increased risk of prosecution and dispossession, and exposure to hunger or even famine (Havari and Peracchi, 2011; Jü rges, 2013; Kesternich et al., 2014; van den Berg et al., 2016) . All available studies find important negative consequences of war-related hardship on education, health and earnings of survivors. These negative consequences may be linked, as lower educational attainments imply large earnings losses but may also impact other domains, such as physical and mental health. Relative to this literature, our work is novel in many respects. First, we take a longer historical perspective, covering more than a century, and we consider a larger set of countries, including England, Spain, and the Scandinavian countries. Second, we make use of the countryspecific information contained in the Human Mortality Database (HMD), which provides important insights into the role of differential mortality by age, sex and year. Third, we use micro-level data from both the Survey of Health, Ageing and Retirement in Europe (SHARE) and the English Longitudinal Study of Ageing (ELSA) to document the relationship between a broad set of adult outcomes, including physical and mental health, cognitive ability and wellbeing, and various types of hardship in childhood or adolescence, their duration, and the age when they experienced. Carrying out the analysis separately by sex reveals important differences between females and males.
Our work is also related to three other strands of the literature. The first is the child development literature, which emphasizes the importance of early life conditions for adult outcomes (Almond, 2006; Currie and Moretti, 2008; Almond and Currie, 2011a) , and the role of particular critical ages for certain outcomes (Case et al., 2005; Cunha and Heckman, 2007; Case and Paxson, 2010; Currie, 2009 Currie, , 2011 .
The second is the literature that uses extreme and sharp events, such as famines, in order to identify causal relationships of interest. Interestingly, three widely studied famines are directly related to WW2: the Greek famine of 1941-42 (Neelsen and Stratmann, 2011) , the Leningrad famine of 1941 -44 (Sparé n et al., 2004 , and the Dutch Hunger Winter of 1944-45 (Ravelli et al., 1998; Roseboom et al., 2006; Lumey et al., 2010) . Most of this literature focuses on the long-run effects of nutritional deficiencies around birth, or Barker's ''fetal origins hypothesis'' (see for example Almond and Currie, 2011b) , and its main finding is that exposure to hunger or famine around birth or early childhood negatively influences a variety of health and non-health outcomes at much later ages.
The third is the recent literature on the short-term effects of civil wars and armed conflicts in Africa and Asia (Alderman et al., 2006; Bellows and Miguel, 2009; Bundervoet et al., 2009; Blattman and Annan, 2010; Shemyakina, 2011; Akresh et al., 2012; Minoiu and Shemyakina, 2012; Ampaabeng and Tan, 2013) . Its main finding is that exposure to armed conflicts has severe negative effects on health and human capital of exposed children, compromising their school attainments and their productivity as adults. Our approach is similar to that proposed by Bundervoet et al. (2009) , except that we consider variation in war exposure across regions in Europe.
The remainder of this paper is organized as follows. Section 2 presents our data. Section 3 focuses on the aggregate country-level data and describes the patterns of mortality for the cohorts born during the first half of the twentieth century. Section 4 focuses on the micro-level data and studies the relationship between exposure to war and the experience of hardships in childhood or adolescence. Section 5 uses the micro-level data to analyze the relationship between a number of adult outcomes and war exposure, hunger experience and other childhood circumstances. Section 6 discusses a number of extensions of our baseline regression analysis. Finally, Section 7 summarizes and concludes.
2 There is little evidence on other channels -such as the increased risk of death, injury or disease, the breakdown of public health systems, and the disruption of normal fertility patterns -which may have affected the size and composition of the cohorts born during and immediately after WW2.
Data
We combine three types of data. The first is death rates by country, age, year and sex from the HMD, which contains comparable macro-level data for 11 European countries over a long time period. We use these data to describe the profile of mortality rates for the cohorts born during the era of two world wars and to measure the varying intensity of the selection effect during this period.
The second is rich micro-level data from SHARE and ELSA, two multidisciplinary panel databases that collect extensive information on health, socio-economic status (SES), and social and family networks from nationally representative samples of people aged 50þ, including detailed life-history data. We rely on these data to investigate the scarring effects of war exposure or experience of war-related hardship during childhood or adolescence.
The third is detailed and accurate information on war events during the Spanish Civil War and WW2 which, matched with the information on residential mobility available in SHARE, is used to measure potential exposure to war during childhood or adolescence.
HMD
The HMD -a joint project by the Department of Demography at the University of California Berkeley and the Max Planck Institute for Demographic Researchallows us to construct annual time-series from 1890 (or earlier) of age-and sex-specific death rates for 10 Western European countries: Belgium (except for the WW1 period), Denmark, England and Wales, Finland, France, Italy, the Netherlands, Norway, Sweden and Switzerland. Annual time-series for Spain are also available starting from 1908. Death rates are obtained as the ratio between death counts and counts of the population at risk, with the raw data generally consisting of birth and death counts from vital statistics plus population counts from periodic censuses or official population estimates (see Wilmoth et al., 2007 for details) .
Due to changes in borders and mass population movements, death rates for Austria, Germany and all Eastern European countries are only available after WW2, often only after 1955. As a result, the HMD offers a very partial view of the patterns of mortality during the era of two world wars. This is an important limitation because both world wars were particularly devastating in Eastern Europe (Stone, 1998; Davies, 2006; Snyder, 2010) . Thus, our results are likely to provide only a lower bound on the contemporaneous and long-term consequences of war on mortality.
SHARE and ELSA
The SHARE project -coordinated by the Munich Center for the Economics of Aging (MEA) -and the ELSA projectcoordinated by the Institute for Fiscal Studies (IFS) -are designed to help understand the patterns of aging by following nationally representative samples of people aged 50þ at the time of the first interview, who speak the official language of the country, and do not live abroad or in an institution. A unique feature of SHARELIFE is the information it provides on the residence in which respondents lived when they were born and on each subsequent residence in which they lived for six months or more, including the start and end year, the type of residence, and the country, region and area (urban or rural) where the residence was located.
5
The public use version of ELSALIFE provides instead no information on residential mobility.
Both surveys collect broadly comparable information on SES in childhood, namely the occupation of the main breadwinner (SHARELIFE) or of the respondent's father (ELSALIFE), the number of books at home, and the household size and composition when the respondent was aged 10. We use this information to construct an overall index of low SES in childhood based on principal component analysis (PCA). Both surveys also collect comparable information on self-rated health (SRH) and the distinct illnesses experienced by the respondents in childhood.
As for hardship episodes in childhood, SHARELIFE asks whether there was a distinct period during which the respondents experienced stress, poor health, financial hardship or hunger, and the year when this period started and ended. Although we have no information on the seriousness of a hardship, we can compute its duration in years, as the difference between the year it ended and the year it started. Notice that respondents are asked to report only one episode for each type of hardship, presumably the most salient (phrases such as ''distinct period'' or ''compared to the rest of your life'' are meant to capture this idea). Financial hardship is the only type of hardship considered by ELSALIFE. We only know the age when financial hardship started but not when it ended, so duration cannot be computed. On the other hand, ELSALIFE differs from SHARELIFE because it collects direct information on war 3 Spouses or partners are included irrespective of age. 4 Relative to the HMD, we lose Finland and Norway but we gain five countries for which we lack long-term mortality data, namely Austria, Czech Republic, Germany, Greece and Poland.
5 SHARELIFE adopts the Nomenclature of Units for Territorial Statistics (NUTS) developed by the European Union, but the level of regional disaggregation varies by country between the finer NUTS3 level (for the Czech Republic) and the coarser NUTS1 level (for Belgium, Denmark, France and the Netherlands).
experience by asking whether respondents witnessed serious injury or death of someone in war or military action and whether they were evacuated during WW2. The adult outcomes that we consider, all from the second wave of each survey, include SRH, other indicators of physical and mental health, educational attainments, and two indicators of subjective wellbeing. We also include direct measures of numeracy and recall ability obtained from the numeracy and memory tests carried out in both SHARE and ELSA. Unlike the other outcomes, these cognitive outcomes may be considered as more objectively measured.
Major war events
SHARE does not ask direct questions about war experience, but the information it provides on the region of residence of the respondents in each single year allows us to construct an indicator of war exposure by exploiting geographical information on major war events (both combat operations and aerial bombings) during the period between the beginning of the Spanish Civil War in 1936 and the end of WW2 in 1945. Things are just the opposite for ELSA, which asks directly about war exposure but does not provide the temporal and spatial information needed to relate individual experiences to major war events.
For the Spanish Civil War, our main sources of information are Thomas (2003) and Preston (2006) , while for WW2 we exploit a variety of sources, including Ellis (1994) and Davies (2006) . We refer to the regions affected by major war events as ''war regions''. The remainder of this section provides some detail for the regions covered by SHARE.
The Spanish Civil War began in July 1936 and initially affected all regions of Spain, except Ceuta and Melilla and the Canary Islands. In 1937 it mostly affected the central, south-eastern, eastern and northern regions of Spain, while in 1938 and 1939 it mostly affected its central, south-eastern and eastern regions. The Spanish Civil War conventionally ended on April 1, 1939.
Exactly five months later, on September 1, 1939, WW2 began with the German invasion of Poland, coordinated with the Soviet invasion from the east on September 17. Thus, for 1939, our war regions include the whole of Poland and some regions of Spain. The regions along the French-German border are not included because only affected by small-scale war operations (the so-called ''phony war''). In 1940, our war regions include the whole of Belgium and the Netherlands, and the northern and eastern regions of France. In 1941, they include the whole of Greece, plus the German regions of Bremen and Hamburg that were subject to heavy aerial bombing. In 1942, no region considered in SHARE was affected by major combat operations, except some heavily bombed German regions. In 1943, combat was limited to the southern Italian regions, but aerial bombing of Germany extended and intensified. In 1944, combat spread to the eastern regions of Poland, the central regions of Italy, most of Greece, and parts of Belgium, France and the Netherlands, while large parts of Germany were under heavy aerial bombing. In 1945, our war regions include all of Germany, the central and western regions of Poland, the northern regions of Italy, the easter regions of Austria, most of the Czech Republic, and parts of Belgium, France and the Netherlands. 6 In Europe, WW2 conventionally ended on May 8, 1945 with the unconditional surrender of all German forces to the Allies.
Mortality
In this section we use the HMD to describe the lifetime profile of mortality rates for the cohorts born during the era of two world wars and the European countries for which we have long enough time-series, and to measure the varying intensity of the selection effect during this period. We also consider whether there is any evidence of scarring effects in terms of higher mortality at later ages among the survivors of a given cohort. The horizontal axis refers to calendar time (from 1890 to 2009), the vertical axis to age (from 0 to 80 years), while the colors in the plot vary with the level of mortality. These colors range from light green for very low death rates (i.e., less than.10 percent) to blue for intermediate death rates (i.e., between.80 and 3 percent), and to red for high death rates (i.e., greater than 7 percent). For simplicity, we only show the results for six countries, namely England and Wales, France, Italy, the Netherlands, Spain and Sweden. England and Wales, France and Italy participated in both WW1 and WW2. Spain and Sweden were neutral in both world wars, but Spain experienced a long and bloody civil war between 1936 and 1939. Finally, the Netherlands did not participate in WW1 but was occupied by Germany between 1940 and 1945.
Mortality contours
The figure reveals a clear downward trend in mortality for both females and males, interrupted by dramatic increases in mortality during WW1, the Spanish Flu, the Spanish Civil War and WW2. As pointed out by Bozzoli et al. (2009) , these sharp spikes in mortality directly measure the huge negative health shocks caused by war or epidemics. Interestingly, the observed patterns of mortality differ substantially between these four high-mortality episodes. They also vary a lot by country, sex, and age group. Unsurprisingly, death rates rose more sharply during WW1 and WW2 in England and Wales, France and Italy than in the other countries, while their increase during the Spanish Flu was more uniform. Death rates also rose much more for males than for females during war periods (but again not during the Spanish Flu), and for younger adults (mostly males during WW1, and both females and males 6 Although mainland Denmark was under German occupation from April 1940 to the end of WW2, we do not include it among the war regions because it was never affected by major war events. during WW2) than for children or older adults. Fig. 2 shows the time profile of the ratio of male to female survival probabilities (a proxy for the sex ratios) for selected cohorts in the six countries of Fig. 1 . The vertical bars mark the beginning and the end of WW1 (1914 and 1918) , the end of the influenza pandemics (1920), the beginning of the Spanish Civil War (1936) , and the beginning and the end of WW2 (1939 and 1945) . The figure illustrates well the effects of sex differences in mortality across cohorts during WW1 and WW2 in England and Wales, France and Italy, and to a lesser extent during the Civil War in Spain.
Other findings are perhaps more surprising. For example, childhood mortality during war periods remained at relatively low levels even in our war countries, except possibly in the Netherlands at the end of WW2, but it increased significantly during the Spanish Flu. Another interesting finding is the bimodal profile of mortality in France during WW2, with peaks in 1940 and 1944-45 which likely reflect the war events marking the beginning and the end of the German occupation. Among the countries occupied by Germany during WW2, a similar pattern can also be observed for Belgium and Norway, but not for the Netherlands where the early years of German occupation were relatively benign.
For England and Wales, France and Italy, there is some evidence of relatively higher mortality at older ages for the cohorts aged 20-30 during WW1 and those born during WW1 and the Spanish Flu. However, since the latter cohorts were unlucky enough to be aged 20-30 during WW2, it is hard to separate the scarring effects of WW1 and the Spanish Flu from those of WW2. For these three countries, the contour plots also suggest higher mortality during the Great Depression (1929-32), especially at older ages.
Mortality patterns
To provide a quantitative summary of the mortality patterns in the HMD, we estimate the following flexible model for the age profile of cohort-specific log death rates
where E is the expectation operator, lnm at is the logarithm of the percentage death rate at age a for the cohort born in year t, with age expressed in deviation from 50 years and birth year expressed in deviation from year 1950, f(a) is a cubic spline in age, with knots at ages 16, 26 and 36 to capture the ''mortality hump'' in normal times caused by accident mortality for young adult males and accident plus maternal mortality for young adult females (Heligman and Pollard, 1980) , g(t) is a cubic polynomial in birth year, h(a,
is the interaction between the cubic spline in age and the cubic polynomial in birth year, introduced to capture smooth changes in the age-profile of mortality across cohorts, the A i are dummies for specific age groups (0-2, 3-5, 6-10, 11-16, 17-26 and 27-36) , and the T j are dummies for the years of WW1 , the Spanish Flu (1919-21) and WW2 (1936 ( -45 for Spain, 1939 for all other countries).
The term f(a) + g(t) + h(a, t) is a smooth function of age and birth year that captures the long-run trends in mortality, while the a i coefficients measure average excess mortality for specific age groups in normal times, the b j coefficients measure average excess mortality during WW1, the Spanish Flu and WW2 at ages beyond 36, and the g ij coefficients measure average excess mortality during WW1, the Spanish Flu and WW2 for specific age groups. All these coefficients have the interpretation of relative deviations from the long-run mortality trend. The model is estimated, separately by country and sex, via ordinary least squares (OLS) using all ages from 0 to 94 and all calendar years from 1890 to 2009. Tables 1 and 2 present summary statistics and estimates of the b j and g ij coefficients. The fit of the model is excellent, with adjusted R 2 always above.98. The estimated coefficients confirm some of the visual evidence from Fig. 1 and provide a quantitative assessment of the different patterns of mortality by country, sex, age group and time period. In all countries, excess mortality during our highmortality episodes is relatively low among infants (aged 0-2) and people aged above 36, is higher among children (aged 3-5 and 6-10) and adolescents (aged 11-16), and peaks among young adults (aged 17-26 and 27-36), especially in countries affected by war. Sex differences in age-specific excess mortality are huge during WW1 and WW2, especially in countries affected by war, but relatively small during the Spanish Flu. Cross-country differences in age-specific excess mortality are also large during WW1 and WW2, especially among males, but much smaller during the Spanish Flu.
During WW1, female excess mortality is highest at ages 6-10 in all countries, with a peak of .46 log points in Denmark. It is also highest at ages 6-10 during the Spanish Flu in all countries except Finland (where it is highest at ages 3-5), and during WW2 in all countries except England and Wales, France, Italy and Spain (where it is highest at ages 17-26).
Male excess mortality is instead highest at ages 17-26 during WW1 in all countries except Spain, with a peak of about 2 log points in England and Wales, and France, and during WW2 in all countries except Denmark, Norway, Sweden and Switzerland, with a peak of over 1.5 log points in Finland. It is also very high at ages 27-36 in England and Wales, France and Italy during WW1 and WW2, with a peak of over 1.5 log points in France during WW1, and in Finland during WW2, where it exceeds 1 log point. During the Spanish Flu, male excess mortality is again highest at ages 17-26 in France, Italy, Netherlands and Spain, with a peak of .55 log points in France, but is now highest at ages 6-10 in all other countries, with a peak of .56 log points in Denmark.
Scarring
To see whether there is evidence of scarring effects on mortality at later ages for females and males born during our high-mortality episodes, we take the residuals from model (1) and compute their average value over the age range 50-59 for the cohorts born between 1900 and 1950. Because these residuals are just the difference between actual and fitted log death rates, and model (1) fits the data very well, large positive values of the residuals may suggest the presence of scarring.
Results are presented in Table 3 , separately for females and males. The table shows some evidence of relatively higher mortality at later ages for people born during WW1 and the Spanish Flu, especially males, but it is hard to separate the scarring effects of being born during these two periods from those of living through WW2. On the other hand, the table shows little evidence of relatively higher mortality at later ages for people born during WW2.
Perhaps, subsequent mortality is not a good indicator of scarring. And even if it is, the HMD would not allow us to understand the channels through which scarring effects play themselves out. For these reasons, we now turn to the data from SHARE and ELSA.
War and hardship in childhood
In this section we exploit the micro-level information in SHARE and ELSA to study the temporal association between war and the experience of various types of hardship in childhood -absence of the parents, hunger, 1930 and 1956 . These hardships represent specific channel through which the experience of war can have long-term consequences on survivors. They also act as ''daily stressors'' that can amplify the negative effects of war (Miller and Rasmussen, 2010) . Our main conclusion is that the Spanish Civil War, WW2, and their immediate aftermaths are strongly associated with absence of the father and hunger, but only weakly associated with stress and financial hardship. Table 4 shows the fraction of SHARE respondents who report absence of the parents when aged 10 by period (1935-38, 1939-42, 1943-45, 1946-49, 1950-55 and 1956-65) .
Absence of the parents
In all countries, fathers are more likely to be absent than mothers. Further, unlike absence of the mother, absence of the father displays a clear temporal pattern, at least in Austria, France, Germany, Poland and, to a lesser extent, Italy and Spain. In Austria and especially in Germany, the percentage of respondents reporting an absent father is particularly high towards the end of WW2 and in its immediate aftermath. The pattern observed for France and Poland is similar but less pronounced.
This evidence is broadly consistent with the mortality patterns described in Section 3, and with the fact that POWs, mostly males, were extensively used as forced labor by Germany and the Soviet Union during WW2, and by the Soviet Union also long after the war.
Hunger
The top panel of Fig. 3 shows the prevalence of hunger during the period 1935-65 among our cohorts of SHARE respondents. We use red vertical bars to mark the WW2 period . The figure reveals a strong temporal association between hunger and war. For example, in Belgium, France, Greece, Italy, and Poland, the prevalence of hunger is very high during the whole WW2 period. In the Netherlands, we observe a sharp increase of hunger episodes in 1944 and 1945, corresponding to the ''Hunger Winter'' in the German-occupied part of the country, but very little evidence of hunger in the post-WW2 period. In Austria and Germany, instead, hunger episodes are concentrated in 1944, 1945 and the immediate aftermath of WW2. Germany is the country where the prevalence of hunger is highest, with nearly one fourth of respondents reporting hunger in 1945. In Spain, a large fraction of reported hunger episodes begins not during the Civil War but rather in its aftermath, with a peak in 1940. On the other hand, there is little evidence of hunger for the neutral countries, Switzerland and Sweden, but also for the Czech Republic and Denmark, despite the German occupation. These observations are consistent with the evidence in the bottom panel of Fig. 3 , which shows the cumulative distribution function of the year when hunger episodes are reported to start and to end for those who report experiencing hunger in childhood or adolescence. We exclude Denmark, Sweden and Switzerland because the prevalence of hunger is very low. In France and Poland, about half of reported hunger episodes start in 1939, 1940 or 1945 , and their end is spread over many years after 1945. This is also true in Belgium, Greece and Italy, except that reported hunger episodes mostly start in 1940. In Austria and Germany, instead, they mostly start at the end of the war in 1944 or 1945 and their end is spread over the following 3-4 years, while in the Netherlands they mostly start in 1944 and end in 1945. Finally, in Spain, a substantial fraction of reported hunger episodes starts in 1936 or 1940 and ends between 1945 and 1951. To illustrate the association between hunger in childhood and war events, Castile La Mancha, Catalonia, Extremadura, and the Madrid and Valencia regions in Spain (subject to fighting for at least three years during the Spanish Civil War). Comparing the bottom panel with the top two panels shows that the regions most exposed to war also tend to have a higher prevalence of hunger, especially among people born in 1930-39. Within each country, we see no clear relationship between regional development and exposure to war, which rules out the possibility that the association between the top-left and the bottom panels is spuriously driven by poverty. The prevalence of hunger is instead fairly low among the cohorts born later (1940-49), a signal that its occurrence largely reflects poverty.
Stress and financial hardship
Among our cohorts of SHARE respondents, the prevalence of stress during childhood or adolescence is very low and never exceeds 2 percent. Still, we find evidence of an association between stress and war for some countries. In Belgium, France, Italy and Poland, for example, the prevalence of stress is relatively high during the WW2 period. In Austria and Germany it peaks at the end of WW2, while in Spain it peaks at the end of the Civil War.
The link between war and financial hardship is not very strong in our data, but there is some evidence of concentration of financial hardship during the WW2 period in Greece, Italy and Poland, in the aftermath of WW2 in Germany, and in the aftermath of the Civil War in Spain.
9 Two countries stand out as somewhat exceptional.
One is Germany, where the prevalence of financial hardship is quite low until the very end of WW2. The other is Greece, where the prevalence of financial hardship is high in the prewar period (more than 5 percent), jumps to about 10 percent at the beginning of the Balkans campaign of WW2 in 1940, and declines steadily afterwards.
Hardship indicators in ELSA
Unlike SHARELIFE, ELSALIFE contains a direct indicator of war experience -having witnessed the serious injury or death of someone in war or military action -and the year it was first experienced. As for the information about hardship episodes, this reduces to two indicators. The first -having experienced severe financial hardship -is directly comparable with the analogous indicator in SHARELIFE. However, we only know the year when financial hardship was first experienced, so we are unable to compute its duration. The second -having ever experienced evacuation during WW2 -may also be viewed as a measure of war experience.
Over two thirds of reported episodes of direct war experience start between 1939 and 1945, with some evidence of concentration in the period 1941-43. For financial hardship the pattern is very different, with only one quarter of reported hardship episodes starting during WW2. This pattern is similar to that observed in SHARE, where reported financial hardship also tends to be concentrated later in life.
Regression analysis
In this section we use the micro-level information from SHARE and ELSA to study to what extent the exposure to war and the experience of specific hardships during childhood or adolescence help predict adult health and other late-life outcomes after controlling for SES and other circumstances in childhood. Although the two surveys are similar in scope, coverage and organization, their differences prevent us from merging the two datasets and force us to analyze them separately using somewhat different regression specification. For SHARE, we also consider a number of extensions of our basic regression specifications.
SHARE
SHARE allows us to consider a wide range of adult outcomes, including measures of physical and mental health, educational attainments, cognitive abilities, and life satisfaction. 10 To ensure comparability with both ELSA and previous studies on the long-term consequences of early life shocks, we focus on eight measures: a binary indicator of overall health equal to one if the respondent reports being in good, very good or excellent health (Healthy), a binary indicator of physical health equal to one if the respondent reports less than two chronic conditions (FewChronic), a binary indicator of mental health equal to one if the respondent reports less than four mental health problems (NotDepr), the reported number of years of schooling (EducYrs), a binary indicator equal to one if the respondent scores four or five (the maximum) in the numeracy test (Numeracy), a measure of recall ranging from a minimum of 0 to a maximum of 20 (Recall), 11 a measure of life satisfaction ranging from a minimum of 0 if the respondents reports being ''completely dissatisfied'' to a maximum of 10 if she reports being ''completely satisfied'' (LifeSat), and a binary indicator equal to one if the respondent reports looking often back at life with a sense of happiness (Happy). While Healthy, Numeracy, Recall and Happy are simple recodes of variables available in the SHARE data, the other four measures are directly taken from SHARE without any transformation. We consider three different models, each estimated separately for females and males. The first model is
where Y i is the value of the adult outcome of interest for the ith respondent, X i consists of binary indicators for war exposure (War) and for experiencing hunger (Hunger) at any age during childhood or adolescence (ages 0-16), g b is 9 For both stress and financial hardship, detailed tabulations are available from the Authors upon request. 10 We exclude height because it is self-reported and appears to suffer from substantial heaping problems. 11 This variable is obtained by taking the sum of the scores in the tests of immediate and delayed recall, each ranging between 0 (no recall) and 10 (perfect recall).
a birth year fixed effect (the reference birth year is 1950), d c is a fixed effect for the country of current residence (the reference country is Italy), and U i is a regression error uncorrelated with X i , g b and d c . Notice that, unlike the indicator of hunger experience, our indicator of war only measures potential exposure to war, not actual war experience, as we cannot determine whether a particular person living in a war region at a given age was directly exposed to war events. Also notice that the introduction of country dummies and separate estimation by sex helps controlling for heterogenity by country and sex, including differences in reporting style for health, life satisfaction and happiness (see, e.g., Peracchi and Rossetti, 2012; Bertoni, 2015) . This model is similar in spirit to Bundervoet et al. (2009) , except that we use regions of Europe and late life outcomes instead of provinces of a single country and childhood outcomes. The second model adds to the regressors in (2) a continuous index of low SES in childhood (Low SES), the number of chronic diseases in childhood (Chronic dis) and binary indicators for the absence of the parents when the respondent was aged 10 (Father absent and Mother absent). The index of low SES is obtained by rescaling the first principal component extracted using PCA from three pieces of information regarding family conditions when the respondent was aged 10, namely the number of rooms per capita, the number of books at home (ranging from ''none or very few books'' to ''more than two bookcases'') and the occupation of the father (ranging from ''elementary'' to ''managerial'' category). The index is normalized to range between À1 and 1, with À1 for the highest level of SES, 0 for the median level, and 1 for the lowest level.
This model differs from models, such as those estimated by Kesternich et al. (2014) on the same data, that simply link late-life outcomes and the experience of various types of hardship in childhood to indicators of war exposure and, possibly, SES earlier in life. One interpretation of these different empirical strategies is that we directly estimate the ''long'' regression of late-life outcomes on war exposure, experience of various types of hardship and childhood circumstances, while these other models estimate reduced-form relationships that use war exposure as an instrument in the ''short'' regressions of late-life outcomes on the experience of a particular type of hardship and, possibly, low SES earlier in life.
Finally, the third model adds to the second model the interactions of the indicators for war exposure and hunger experience with the index of low SES in childhood. This allows us to test whether the association of war and hunger with adult outcomes is different depending on family background.
We estimate all three models by OLS, separately for females and males, restricting the sample to people born between 1930 and 1956, 12 who are present in both the second and the third wave of SHARE. We do not consider people born before 1930 because there are only few of them and because differences in survival and institutionalization may induce substantial cross-country heterogeneity. These selection criteria result in a working sample of about 20,500 individuals (about 11,000 females and about 9500 males), whose age in 2008 ranges between 50 and 79 years. We ignore problems of justification bias -namely that adults with health problems may justify their current status by reporting worse health conditions in childhood -because the information on adult outcomes has been collected in wave 2, while the information on hardships earlier in life and childhood circumstances has been collected about two years later in wave 3 (SHARELIFE). Tables 5 and 6 summarize our regression results by presenting the estimated coefficients on the focus regressors -namely war exposure, experience of hunger, low SES status, chronic diseases in childhood and absence of the parents at age 10 -separately by adult outcome and sex. For each adult outcome, we report the results obtained from our three different models.
We find that war exposure during childhood or adolescence (age 0-16) is associated with significantly worse physical and mental health. Interestingly, the size of the estimated coefficients is about twice larger for females than for males, and these results are robust to the inclusion of controls for low SES, country and birth year fixed effects, and other childhood circumstances (second column). Exposure to war may affect physical and mental health later in life through a variety of channels that cannot be separately identified from our data (e.g. children may be physically injured or may develop emotional disorders). In line with the literature we include, as an overall indicator of childhood health, the number of diseases experienced during childhood. Notice that infectious diseases might lead to negative externalities both in terms of subsequent health and educational outcomes (see for example Lawson and Spears, 2016) . Overall, our findings for physical health are in line with recent papers on the long-lasting effects of WW2 on survivors (Akbulut-Yuksel, 2014; Kesternich et al., 2014) . Results are robust to the inclusion of controls for childhood circumstances (second column), but the coefficients on the interaction between war and SES (third column) are weak and not statistically significant.
While there is substantive work on the association between conflicts and physical health, the evidence on mental health is scarce and mostly comes from the analysis of soldiers' (Cesur et al., 2013) . We find that potential exposure to war events reduces the probability of not being depressed by 4 percentage points for females and 2 percentage points for males.
The findings for hunger experience are similar, except for the magnitude of the estimated coefficients, which is now larger for males than for females (for the later the estimated coefficients are no longer statistically significant after the inclusion of controls for low childhood SES). For males, hunger experience reduces the probability of being healthy or reporting few chronic conditions by respectively 7.5 and 10 percentage points. Again, results are robust to the inclusion of controls for childhood circumstances (second column), but the coefficients on the interaction between hunger and SES (third column) are weak and not statistically significant. Notice that while the long-term association between malnutrition and physical health is sufficiently documented, less is known about its association with mental health, although there is some evidence that hunger experience may cause emotional disorders later in life (see for example Lumey et al., 2010) .
The exposure to war and the experience of hunger during childhood or adolescence are both associated with lower educational attainments. Even after controlling for low SES and other childhood circumstances (second column), the loss is substantial, ranging between one third and half a year of schooling. Again, these findings are comparable to those in Akbulut-Yuksel (2014) and Kesternich et al. (2014) . In addition, we find that the coefficient on exposure to war is larger for females, while the coefficient on experiencing hunger is larger for males. Sex differences become even stronger when we interact low SES with the indicators for war and hunger (third column). Shemyakina (2011) , also finds that exposure to war is more harmful in terms of completion of mandatory schooling for females than males (boys go back to complete their schooling while females do not).
As for cognitive outcomes (numeracy and recall), we find a strong negative association with war exposure for Significance: *** p .01, ** . 01 < p .05, * . 05 < p .10. Standard errors are robust to heteroskedasticity.
males, but not for females. Education is an important channel that may explain this negative association (Ichino and Winter-Ebmer, 2004) . The existence of a genetic link between early life malnutrition and cognition in adulthood has been recently been explored by de Rooij et al. (2010), Huang et al. (2013) and Cook and Fletcher (2014) , although we cannot fully compare their results with ours due to the different types of data and methodology. Finally, for both females and males we find a strong negative association between war exposure and life satisfaction, while the association between war exposure and happiness is negative but weak and not statistically significant. Experiencing hunger, on the other hand, is strongly negatively associated with life satisfaction and happiness for females, whereas for males its association with our two measures of subjective wellbeing is weak and not statistically significant.
ELSA
Some of the adult outcomes that we consider are the same or very similar to those in SHARE, others are different. In particular, ELSA does not record the number of years of completed schooling, only the age when the respondent finished full-time education. Further, the measures of the number of chronic conditions, mental health and numeracy are not comparable to those available in SHARE. Thus, we confine attention to six indicators: a binary indicator of overall health equal to one if the respondent reports being in good, very good or excellent health (Healthy), a binary indicator for few illnesses equal to one if the respondent reports at most one illness from age 16 onwards (FewIll), a binary indicator of schooling attainments equal to one if the respondent reports completing full-time education after age 15 (EdHigh), a measure of recall ranging from a minimum of 0 to a maximum of 20 (Recall), 13 a measure of life satisfaction ranging from a minimum of 1 for ''completely dissatisfied'' to a maximum of 7 for ''completely satisfied'' (LifeSat), and a binary indicator equal to one if the respondent reports looking back on life with a sense of happiness (Happy). Three of these outcomes, namely Healthy, Recall and Happy, are directly comparable with the analogous outcomes in SHARE. Several aspects differentiate our basic model from that used in SHARE. First, unlike SHARE, we have two indicators of direct war experience which vary at the individual level, one for evacuation during WW2 and one for having witnessed the injury or death of someone in war. Second, we have no information on experiencing hunger. Third, since ELSALIFE does not collect information on the occurrence of specific diseases in childhood, we cannot create an indicator similar to that available in SHARELIFE.
To maintain comparability with SHARE, we restrict the sample to people born in 1930-56 and interviewed in both waves. This sample selection criteria result in a working sample of about 5100 individuals (about 2800 females and 2300 males). Table 7 shows the OLS estimates for two different specifications. The first includes as regressors the binary indicators for been evacuated during WW2 (Evacuated) and witnessing death/injury during war (Witnessed war), a continuos index of low SES in childhood (Low SES), fully comparable with that constructed for SHARE, and indicators for bad health in childhood (Bad health) and absence of the parents (Father absent and Mother absent), plus a set of indicators for the year of birth. The second further interacts the index of low SES in childhood with the indicators for been evacuated or having witnessed war. Again we do not worry about problems of reverse causality, as the adult outcomes of interest have been collected in the second wave, while the information on childhood circumstances has been collected about two years later (Table 8 ).
14 We find that the association between adult outcomes and war experience is always weak and not statistically significant, except for the positive and statistically significant association between evacuation during war and recall for females. The main predictors of adult outcomes turn out to be low SES and health status in childhood. In particular, low SES is a strong predictor of all adult outcomes for both females and males, while childhood health helps predict all adult outcomes for males but does not help predict adult education and cognitive abilities for females. Finally, we find that the association between adult outcomes and absence of the parents is often weak and sometimes, especially for females, does not even have the expected sign.
Extensions
In this section we consider a number of extensions of our models for the SHARE data. In these extensions we control for the duration of hardship episodes and the age when they were experienced. Unfortunately, we cannot apply these extensions to ELSA because of the data limitations we already discussed.
Duration of hardship episodes
We measure the duration of war exposure by the number of years a person lived in war region, and the duration of a hunger episode by taking the difference between the years when hunger is reported to end and to start. A duration of zero years means that hunger started and ended in the same year. 15 We find that for the Netherlands hunger duration is typically very short (at most one year), while for Austria and Germany the modal duration is three years. Thus, the evidence from these three countries does not support the hypothesis that people just identify hunger with WW2. For Belgium, France, Greece and Italy, the modal duration of hunger is instead five years. Longer hunger durations are not uncommon, especially for Greece, Poland and Spain, which are also the countries with the lowest levels of per-capita income. Table 9 and 10 present the regression results obtained when the binary indicators for war exposure and hunger experience are replaced by war and hunger duration. We find that, in general, longer durations are associated with more negative outcomes later in life. In particular, war and hunger duration are strongly associated with worse mental health and lower educational attainments and life satisfaction for both females and males. On the other hand, war duration is strongly associated with worse physical health for females but not for males, while hunger duration is strongly associated with worse physical health for males but not for females, and with lower happiness for females but not for males. The coefficients on SES and other childhood circumstances are very similar to those in Section 5.1.
Age when hardships were experienced
Tables 11 and 12 include indicators for the age when people were exposed to war or experienced hunger, distinguishing between two age groups: childhood (ages 0-10) and adolescence (ages 11-16). We find that the patterns of association are different depending on whether hardship episodes are experienced in childhood or adolescence. They are also different for females and males. In particular, we find that the exposure to war and the experience of hunger in childhood are associated with worse mental health and lower education for both females and males. On the other hand, their association with cognitive abilities and subjective wellbeing differs by sex. We also find that the exposure to war in childhood is strongly associated with worse cognitive abilities and subjective wellbeing for males but nor for females, while hunger experience in childhood is strongly associated with worse physical health and life satisfaction for females but not for males.
The evidence of an association between war exposure or hunger experience in adolescence and adult outcomes tends to be weaker and less systematic, except perhaps for the strong negative association between cognitive abilities and war exposure for females. Significance: *** p .01, ** . 01 < p .05, * . 05 < p .10. Standard errors are robust to heteroskedasticity.
Conclusions
The era of two world wars brought death and hardship on an unprecedented scale. In this paper we show evidence of its long-lasting impact on the cohorts of Europeans born during this period.
At the macro-level, we show that the long-run trend towards lower mortality was interrupted by dramatic increases in mortality during WW1, the Spanish Flu, the Spanish Civil War, and WW2. Different patterns characterize these high-mortality episodes, with substantial variation by country, sex and age group. As for the long-term consequences on the survivors, we find some evidence of relatively higher mortality at later ages for people born during WW1 and the Spanish Flu, especially males, but it is hard to separate the scarring effects of being born during these two periods from those of living through WW2. On the other hand, we find little evidence of relatively higher mortality at later ages for people born during WW2. At the micro-level, we find that war-related hardship in childhood or adolescence, in particular exposure to war events and experience of hunger, is associated with worse physical and mental health, and lower education, cognitive ability and subjective wellbeing of survivors. This is in line with the conclusions of the model in Bozzoli et al. (2009) . As we document in Section 3, childhood mortality during the WW2 period remained at relatively low levels even in war countries (at least those for which we have data), so one would expect the scarring effect of warrelated hardship to dominate any selection effect. However, the strength of the association between hardship and adult outcomes differs by sex and type of hardship, with exposure to war being more important for females and experience of hunger for males. We also find that hardship episodes matter more if they are experienced in childhood, and have stronger consequences if they last longer.
